The Streptozotocin (STZ) model of diabetes is commonly used for studies of diabetic nephropathy although the histological lesions of the kidney are mild and do not resemble those seen in diabetic patients. The SHR/N-cp rat model of type II diabetes spontaneously develops pronounced abnormalities in renal histology. In the present study, we compared renal morphology in the STZ rat and the diabetic SHR/N-cp rat. Sprague-Dawley rats received STZ, developed diabetes after 2 days and were treated with insulin. In the SHR/N-cp rat, obesity is inherited as an autosomal recessive trait. The progeny are either lean (used as controls) or obese and diabetic. After 6 months of observation, STZ and SHR/N-cp rats were killed. The renal damage was evaluated by assessing damage indices and by using stereological techniques. In addition, immunohistochemistry and electron microscopy were performed. The glomerular and tubulointerstitial changes were much more pronounced in the diabetic SHR/N-cp compared to the STZ model. In parallel glomerular PCNA þ cells were significantly more frequent and expression of TGF-b and PDGF by immunohistochemistry in glomeruli and in the tubulointerstitial space was more pronounced in SHR/N-cp compared to STZ rats. The glomeruli of SHR/Ncp contained less and larger podocytes as well as smaller mesangial cells embedded in more mesangial matrix compared to STZ. Similarly, less, but larger endothelial cells were found in SHR/N-cp than in STZ rats. The mean glomerular volume was similarly increased in the two models. Albumin excretion was only modestly increased in STZ diabetes, but pronounced in the SHR/N-cp rat. Although the STZ model of diabetes exhibits numerous biochemical sequelae of hyperglycemia, the morphological lesions are unimpressive. In contrast, the diabetic SHR/N-cp exhibits marked structural lesions, particularly podocyte damage and mesangial expansion that promise to make it a more suitable model for investigation of diabetic glomerulosclerosis.
Diabetic nephropathy, mainly type II diabetes is the leading cause of end-stage renal disease in Western countries. 1 Type II, that is, noninsulin-dependent diabetes mellitus, is far from being a well-defined disorder. It represents various metabolic derangements with a single common feature: inappropriate chronic hyperglycemia and glucose intolerance. 2 Although many patients with type II diabetes and microalbuminuria have the classic morphology of the Kimmelstiel-Wilson type, a sizeable proportion exhibits vascular and interstitial lesions with minimal glomerular changes or none at all. 3 Increased glomerular volume predicts the development of overt nephropathy in type I diabetes. In contrast, higher glomerular volume was found in type II diabetes by some, 4 but not all authors. 5 Until now, most studies investigating the pathogenesis of diabetic nephropathy have used the STZ model. A number of pathological features such as activation of protein kinase C, 6 deposition of advanced glycation end products (AGE), 7 mesangial cell activation 8 and podocyte injury 9 have been described in this model, but even after long-term follow-up morphological lesions of the glomerulus remain modest at best, underlining the need for additional models.
Although more severe injury may be generated in animals by superimposition of hypertension, 10 selection of specific genetic backgrounds or genetic modulation of signaling pathways involved in glomerular injury, 11 there is still a need for a spontaneous model of diabetic nephropathy exhibiting more pronounced changes and bearing closer resemblance to what is seen in diabetic humans. It is worth stressing that diabetic SHR/N-cp are severly obese. Obesity is a potent risk factor for progression of renal diseases. 12 There is growing evidence that the adipose tissue has a local renin-angiotensin system 13 and generates biologically active substances with systemic action, for example, leptin, adiponectin, etc.
14 Leptin stimulates endocapillary proliferation, mesangial collagen deposition, proliferation of endothelial cells, increases TGF-b expression 15 and stimulates also sympathetic nervous activity 16 which contributes to renal damage. 17 It was the purpose of the present study to compare renal structure in the conventional STZ model with the model of the SHR/N-cp rat. The different types of glomerular cells were quantitated; glomerular, tubulointerstitial and vascular lesions were assessed using a score system and in addition further analyses by immunohistochemistry and electron microscopy were performed.
Material and methods

Animals
STZ model of type I diabetes
Streptozotocin (STZ) induced diabetes: male Sprague-Dawley rats (Charles River, Germany, mean body weight: 176719. 8 g) were housed at constant room temperature (211C) and humidity (75%) and exposed to a 12 h light and 12 h dark cycle. The animals had free access to water and standard rat pellets (Altromin 1324, Lage/Lippe, Germany). Experimental diabetes was induced by i.v. injection of 65 mg Streptozotocin (Sigma Aldrich Chemie GmbH, Deisenhofen, Germany). Hyperglycaemia developed in injected animals on day 2 after STZ administration. Diabetic animals were treated daily with 4.171.4 IU/kg body weight (bw) long-acting human insulin (Insulin Ultratard r HM, Aventis, Frankfurt/Main, Germany, 40 IU/ml).
All animals were allowed free access to Standard Purina diet (chow #5012, Purina Mills, St Louis, MO, USA).
SHR/N-cp model of type II diabetes
The spontaneously hypertensive obese rat (SHR/Ncp) is a model of type II diabetes model. 18 This strain resulted from mating Koletzky rats (which are obese) with SHR rats (which are hypertensive). The resultant progeny are either lean or obese and either normotensive or mildly hypertensive. The rats inherit obesity as an autosomal recessive trait. Since corpulent rats do not reproduce, the rats are bred by mating of heterozygotes. Mating yields three genotypes but only two phenotypes, that is, homozygous (cp/cp) corpulent and heterozygous (cp/ þ ) and homozygous ( þ / þ ) lean rats, in a ratio of 1:2:1.
Animals were obtained from Vasarr (animal center, New York, USA) and were housed with a standard light cycle (light 0800-2000 h daily), 40-70% relative humidity, and maintained at 22711C in standard box cages. All animals were allowed free access to Standard Purina diet (chow #5012, Purina Mills, St Louis, MO, USA).
Experimental Protocol
Food and water consumption were monitored daily. Body weight, blood glucose and blood pressure (bp, by tail plethysmography) were measured at regular intervals. After 6 months, animals were kept in metabolic cages for 24 h urine collection. Urinary albumin excretion was measured using a rat-specific sandwich ELISA system as described in detail elsewhere. 19 After 6 months, the experiment was terminated by retrograde aortic perfusion with glutaraldehyde or ice-cold NaCl, respectively.
Tissue Preparation
The kidneys were taken out, weighed and dissected in a plane perpendicular to the interpolar axis, yielding slices of 1 mm width. In total, 10 small pieces of one kidney were selected by area weighted sampling for embedding in Epon-Araldite. Semithin (1 mm) were prepared and stained with methylene blue and basic fuchsin. The remaining tissue slices were embedded in paraffin; 4 mm sections were prepared and stained with hematoxylin/eosin (HE) and PAS. For immunohistological investigations, one half of the kidney was fixed in 8% buffered formaldehyde, embedded in paraffin and cut into 4 mm thick sections. Paraffin sections were prepared and were incubated with the following antibodies using the avidin-biotin method: PCNA (proliferating cell nuclear antigen; a-PCNA monoclonal mouse, Immunotech, Marseille, France), P27 KIP1 (a-P27 polyclonal rabbit, Santa Cruz, CA, USA), TGFb 1 (anti-TGF-b 1 , rabbit polyclonal IgG, Santa Cruz Biotechnology, Santa Cruz, CA, USA) and desmin (a-desmin monoclonal mouse, Capinteria, CA, USA). Thick cryostat sections (5 mm) were prepared and the sections were incubated with the following antibodies using the avidin-biotin method: 20 fibronectin (a-fibronectin polyclonal rabbit, Sigma-Aldrich Chemie GmbH, Steinheim, Germany), endothelin (a-ET-1 polyclonal rabbit, Biotrend, Cologne, Germany) and PDGF-AB (platelet-derived growth factor; a-PDGF-AB polyclonal goat, Upstate Biotechnology Inc., Waltham, USA). Optimal staining concentration was evaluated testing different dilution series. The following dilutions of antibodies were used: PCNA 1:150, desmin 1:50, TGF-b 1:300, ET-1 1:25, fibronectin 1:150 and PDGF 1:50.
To avoid nonspecific cross-reactions of tissue components with antibody, a biotin-streptavidin detection system (biotin-streptavidin super sensitive; BioGenex, San Ramon, CA, USA) was selected. 20 Negative controls were performed by omitting the primary antibody.
Morphological Investigations
Indices of renal damage (glomerulosclerosis, tubulointerstitial and vascular damage) The degree of sclerosis within the glomerular tuft as an index of progression was determined on PASstained paraffin sections adopting the semiquantitative scoring system proposed by el Nahas et al.
21
Using light microscopy at a magnification of Â 400, the glomerular score of each animal was derived as the mean of 100 glomeruli. The severity of glomerulosclerosis was expressed on an arbitrary scale from 0 to 4 as described in detail. 20 Tubulointerstitial and vascular damage was assessed on PASstained paraffin sections at a magnification of Â 100 using a similar scoring systems as described in detail. 20, 22 Glomerular geometry Briefly, glomerular geometry was analyzed as follows: Volume density (V V ) of glomeruli and area density of glomerular tuft (A AT ) were measured by point counting according to P P ¼A A ¼V V at a magnification of Â 400 on HE sections. 23 The total area of glomerular tuft (A T ) was then determined as A T ¼A AT ÂA cortex . The number of glomeruli per volume (N V ) and the volume density (V V ) of glomeruli was obtained using the formula: Analysis of glomerular capillarization and cellularity on semithin sections On five semithin sections per animal, glomerular capillarization and cellularity was analyzed using the point counting method and a 100 point eyepiece (Integrationplatte II, Zeiss Co.) at a magnification of 1000 (oil immersion) as described. 24 Briefly, the length density (L V ) of glomerular capillaries was determined according to the standard stereological formula, L V ¼ 2Q A (with Q A being the number of capillary transects per area of the capillary tuft). Total length of glomerular capillaries per kidney (L total ) was then derived from L V and the total glomerular volume (V glom ) with V glom ¼V Vglom ÂV cortex . Glomerular cellularity (podocytes, mesangial and endothelial cells) was calculated in at least 30 glomeruli per animal from cell density per volume (Nc v ) and volume density of the cell type (Vc v ) according to the equation:
with b for podocytes ¼ 1.5 and for mesangial and endothelial cells ¼ 1.4 and k ¼ 1. 24 The respective mean cell volume was calculated with
Electron microscopy
In two randomly selected animals per group, ultrathin sections were qualitatively investigated using a Zeiss EM 10 (Zeiss, Oberkochen, Germany) at various magnifications. The glomerular basement membrane (GBM) was measured from the electron micrographs at Â 6000 and Â 8000 magnification. The GBM was recorded at 20 different randomly selected sites in five animals per group. 25 
Immunohistological investigations
Immunohistochemical staining for PCNA was examined using light microscopy at a magnification of Â 400. In 50 glomeruli per kidney, the number of PCNA-positive cells per glomerulus as well as per glomerular and per tubulointerstitial area were counted. Immunohistological stains using antibodies against TGF-b 1 , ET-1, fibronectin and PDGF were analyzed by two investigators blinded with respect to the animal group and scored as described in detail elsewhere. 20 For analysis of desmin immunohistochemistry, the capillary tuft was divided into four quarters and the following scoring system was used: score 0: no expression, score 1: desmin-positive cells in one-quarter, score 2: desmin-positive cells in two-quarters, score 3: desminpositive cells in three-quarters and score 4: desminpositive cells all over the capillary tuft. The damage score was then calculated as: [(0Àscore 0) þ score 1 þ score 2 þ score 3 þ score 4]: 5 þ 15.
TUNEL technique Investigation of apoptotic cells was performed with the TUNEL technique and a special kit (ApopTag s
In Situ Apoptosis Detection Kit, Chemicon International, Temecula, CA, USA). Expression was investigated with Fast Red for conventional light microscopy (nuclear staining: hematoxylin/eosin). In 50 glomeruli per kidney, the number of TUNELpositive cells per glomerulus as well as per tubulointerstitial area were counted (light microscopy at a magnification of Â 400).
Statistics
For each diabetic rat strain and the nondiabetic control, data are given as mean7s.d. by one-way ANOVA, followed by unpaired t-test or MannWhitney U test. The results were considered significant when the probability of error (p) was less than 0.05. The difference between STZ and SHR/N-cp rat model was tested by Duncan's multiple-range test. The results were considered significant when the probability of error (p) was less than 0.05.
Results
Systolic BP (Table 1) After 6 months, the systolic bp was not different between diabetic STZ animals compared to nondiabetic controls. There was also no significant difference between lean and obese SHR/N-cp animals. In contrast, blood pressure was significantly higher in SHR/N-cp compared to STZ diabetic rats.
Urinary Albumin Excretion (Table 1) Urinary albumin excretion was significantly higher in diabetic STZ and SHR/N-cp animals compared to nondiabetic controls. Albuminuria was significantly higher in diabetic SHR/N-cp rats compared to diabetic STZ rats.
Blood Chemistry (Table 2) There was no difference in serum creatinine between the experimental groups of both models. Urea concentration was elevated in diabetic STZ compared to their nondiabetic controls, but no difference was found between SHR/N-cp and lean controls. No difference of cholesterol concentrations was seen between STZ and controls, but diabetic SHR/N-cp rats had markedly higher cholesterol and triglyceride concentrations compared to lean controls.
Morphological Investigations
Indices of renal damage (Tables 3 and 4, Figure 1 ) Compared to nondiabetic control rats, only modest glomerular lesions were noted in STZ rats (Figure 1a and b): glomerular capillaries were irregular, widened and attached to the Bowman's capsule. Furthermore, mesangial cell number was slightly higher in STZ. Some expansion of the mesangial matrix was also noted (data not given). The degree of tubulointerstitial damage was modest. There were only few widened tubuli with incipient atrophy of the epithelial cells. In addition, slight focal interstitial fibrosis was observed. Intrarenal arterial vessel showed modest thickening of the walls.
In contrast, in the diabetic SHR/N-cp rats marked mesangial sclerosis, occasionally with incipient nodule formation, was noted compared to lean SHR/N-cp controls (Figure 1c and d) . Mesangial expansion, diffuse thickening of the capillary basement membrane and adhesions between adjacent loops as well as between loops and the parietal layer of Bowman's capsule were noted. Trapping of lipid droplets was observed within the capillaries and collagen deposition with hyalinization was also found. Compared to diabetic STZ rats, the glomerulosclerosis index (GSI) was higher in the diabetic SHR/N-cp. Compared to lean SHR/N-cp rats in the diabetic SHR/N-cp ( Figure 1 e and f) , large numbers of protein casts were found within the tubular lumens, as well as fibrosis was observed with focal inflammatory infiltrates. The tubulointerstitial damage of the type II SHR/N-cp rats was much more marked than the lesions in diabetic STZ, but there was no difference in vascular damage between the diabetic models. Vascular damage was significantly higher in diabetic animals compared to their respective controls, but there was no significant damage between the models. Glomerular geometry (Table 3) The mean glomerular volume was consistently higher in the STZ compared to nondiabetic controls, as well as in diabetic SHR/N-cp compared to nondiabetic lean SHR/N-cp.
There was no significant difference in the number of glomeruli between STZ and their controls and between diabetic SHR/N-cp and nondiabetic lean SHR/N-cp, respectively. There was, however, a strikingly lower number of glomeruli per kidney in both lean and obese SHR/N-cp compared to STZ and their control animals.
Glomerular cells and capillaries (Table 4)
The mean number of podocytes per glomerulus was significantly lower in diabetic STZ rats than in their nondiabetic controls and mean podocyte volume was significantly higher. The mean number of mesangial and endothelial cells and the mesangial cell and endothelial cell volumes were significantly higher in diabetic STZ animals compared to nondiabetic controls. The length density of glomerular capillaries was lower in STZ rats compared to controls, reflecting capillary obliteration, but no difference in total length density was found between STZ and their nondiabetic controls.
The mean number of podocytes per glomerulus was also significantly lower in diabetic SHR/N-cp rats than in their nondiabetic controls and the mean podocyte volume was significantly higher in diabetic rats. The mean number of mesangial cells was significantly higher in diabetic obese animals compared to nondiabetic controls. In parallel, the mesangial cell volume was higher in diabetic SHR/ N-cp rats than in nondiabetic controls. In contrast, the number of endothelial cells was slightly, but significantly lower in the SHR/N-cp compared to their nondiabetic controls, but the mean endothelial cell volume was higher in diabetic animals compared to nondiabetic controls. The length density (L v ) and the total length density (L total ) of glomerular capillaries were significantly lower in obese diabetic rats compared to nondiabetic controls.
There was no difference in podocyte and mesangial cell number between diabetic SHR/N-cp and diabetic STZ, but endothelial cell number was significantly lower in diabetic SHR/N-cp rats. The mean podocyte, mean mesangial and mean endothelial volume were significantly higher in diabetic SHR/N-cp rats compared to diabetic STZ rats.
Ultrastructural changes of the glomerulus (Figure 2)
In diabetic STZ moderate, but significant (Po0.05) thickening of the glomerular basement membrane (222 nm764.8. vs controls: 141.14 nm721.22) as well as diffuse mesangial matrix deposits were seen compared to nondiabetic Sprague-Dawley controls. In addition podocyte hypertrophy and degeneration of partial fusion of foot processes was seen (Figure 2) .
In diabetic SHR/N-cp rats, in contrast, the lesions of the podocytes were much more pronounced. The basement membrane was significantly thicker compared to STZ animals (obese: 313.23 nm759.4, lean: 217.4 nm754.7). Podocytes volumes were excessive and podocytes further exhibited loss of foot processes and even cystic formation in the cytoplasma (Figure 2 ).
Immunhistological investigations (Figures 3-8)
PCNA: Proliferation and/or activation of glomerular and tubulointerstitial cells was assessed using an antibody against PCNA (Figures 3 and 4 ). Diabetic STZ animals had significantly more PCNA-positive cells per glomerular profile, mainly podocytes, than their nondiabetic controls. The number of PCNApositive tubulointerstitial cells per view field was significantly higher in diabetic STZ rats compared to nondiabetic controls. Diabetic SHR/N-cp had significantly more PCNApositive cells per glomerular profile and tubulointerstitial view field than their nondiabetic controls (Figures 3 and 4) . In diabetic obese SHR/N-cp, the number of PCNA-positive cells in the glomerulus was markedly higher compared to the STZ diabetic rats, while the number of PCNA-positive cells in the tubulointerstitial space was comparable. TGF-b: As shown in Figures 5 and 6 (in this and the following graphs please note the difference of scale of the ordinates), glomerular and tubulointerstitial TGF-b 1 protein expression was significantly higher in diabetic STZ rats than in controls. The glomerular and tubulointerstitial protein expression for TGF-b 1 was also higher in diabetic SHR/N-cp rats compared to their nondiabetic controls (Figures 5  and 6 ). Glomerular and tubulointerstitial protein expression for TGF-b 1 were significantly more marked in the diabetic SHR/N-cp compared to the STZ rats. PDGF: On the protein level, PDGF-AB was expressed in mesangial and tubulointerstitial cells of untreated diabetic animals. The expression was significantly more pronounced in both diabetic models compared to their nondiabetic controls ( Figure 5 ).
Diabetic SHR/N-cp rats showed significantly increased protein expression for PDGF compared to STZ rats.
ET-1 ( Figures 5 and 7) : ET-1 protein expression was more intense in glomerular cells in diabetic STZ animals compared to their nondiabetic controls. There was no significant difference in tubulointerstitial staining between diabetic STZ rats and nondiabetic control.
In contrast, protein expression for ET-1 was higher in glomerular and tubulointerstitial cells of diabetic SHR/N-cp rats compared to their nondiabetic lean controls (Figures 5 and 7) . Tubulointerstitial but not glomerular expression of ET-1 was significantly higher in diabetic SHR/N-cp compared to STZ rats.
Fibronectin: Fibronectin expression ( Figure 5 ) was significantly higher in the tubulointerstitium of STZ rats compared to Sprague-Dawley controls, but there was no difference in glomerular staining. In contrast, fibronectin expression was significantly increased in glomeruli in the diabetic SHR/N-cp rat compared to their nondiabetic controls.
There was no significant difference between diabetic SHR/N-cp and STZ rats.
Desmin: Desmin-positive podocytes were more frequent in diabetic STZ rats than in nondiabetic Sprague-Dawley controls (Figure 8) . Similarly, the number of desmin-positive podocytes was markely higher in diabetic SHR/N-cp compared to lean nondiabetic controls.
The number of desmin-positive cells was also significantly higher in diabetic SHR/N-cp compared to diabetic STZ Sprague-Dawley rats. 
Discussion
In our study in the STZ rat, only delicate glomerulosclerosis and modest tubulointerstitial lesions were found, so that morphological studies are problematic. The presumed target cell of hyperglycemia, the podocyte, was decreased in number and increased in volume. It also stained positive for PCNA and desmin, that is, indicators of podocyte distress. In sharp contrast to the modest changes in the STZ model, the lesions in the diabetic SHR/N-cp rat were marked. Particularly, pronounced glomerulosclerosis was seen bearing even some resemblance to Kimmelstiel-Wilson glomerulosclerosis. Staining for desmin and PCNA were more pronounced than in the STZ and the podocyte number was also strikingly reduced. In contrast to the STZ rat, the number of mesangial cells was not increased. It is uncertain whether this reflects less proliferation or cell loss by more vigorous apoptosis, what we could demonstrate in our study.
The importance of the genetic background for the development of glomerulosclerosis was noted by He et al. 26 who compared ROP (rodent model of retinopathy of prematurity) and C57 mice undergoing radiation injury. Glomerulosclerosis and severe glomerular enlargement was seen in sclerosisprone ROP, but not in C57 mice. The potential importance of the number of glomeruli has recently been emphasized. 27 The hypothesis has been advanced that 'nephron underdosing', 28 that is, a lesser number of glomeruli, predisposes to progressive renal damage. In this context it is of interest that in the nondiabetic SHR/ N-cp, the number of glomeruli was lower than in the STZ.
The glomerular volume was higher in the SHR/Ncp, but was not different compared to lean SHR/Ncp controls. In the STZ, it was significantly higher compared to nondiabetic Sprague-Dawley controls. 
Comparison of STZ and SHR/N-cp model ML Gross et al
This observation is of some interest, because the finding of increased glomerular volumes is less consistent in patients with type II as compared to patients with type I diabetes. [29] [30] [31] The number of the mesangial cells was significantly higher in STZ and SHR/N-cp rats, but the mean mesangial cell volume was considerably higher in the SHR/N-cp compared to the STZ rats. It is thought that the mesangial cell matrix production in culture correspond to a 'wound healing' phenotype. 32 This hypothesis would be in line with our findings of increased expression of fibronectin.
Reduced capillary length density reflects loss of glomerular capillaries, that is, capillary obliteration. 24 This value was significantly lower in the diabetic SHR/N-cp and in STZ rats compared to their respective controls. In parallel, the number of endothelial cells in the SHR/N-cp rat was decreased. Possibly as some kind of compensatory adaptation, endothelial cell volume increased much more in the SHR/N-cp than in the STZ rat. The cause of endothelial cell loss in diabetic SHR/N-cp is unknown, but it has been speculated that endothelial cell injury reduces the antithrombotic properties of the vessels and leads to capillary obliteration 33 or apoptosis. 34, 35 The latter observation is inline with the finding that in the SHR/N-cp, the number of endothelial cells was lower and the endothelial cell volume higher.
The diabetic STZ rats showed only a minor increase in the tubulointerstitial damage index in contrast to pronounced increase in SHR/N-cp. The cause for the different reaction of the interstitium is unknown, but we point out that albuminuria was strikingly higher by a factor of 20 in the diabetic SHR/N-cp compared to STZ rat. TGF-b that is also known to stimulate tubulointerstitial fibrosis 36, 37 was markedly expressed in the glomeruli and the tubulointerstitium of SHR/N-cp rats, much more so than in the STZ model. However, the role of TGF-b is controversial: treatment with a neutralizing anti-TGF-b antibody partially reversed basement membrane thickening and mesangial matrix expansion in the db/db mouse. 38 In contrast, anti-TGF-b therapy failed to influence albuminuria in the same model. 39 Although blood pressure was higher in the SHR/ N-cp rat, the vascular damage index (VI) was not higher compared to STZ rats, despite strikingly higher concentrations of blood lipids than in the STZ rat.
To explain why the renal lesions are so much more pronounced in the diabetic SHR/N-cp rat, some considerations may be pertinent. First, the SHR/N-cp rats, both lean and obese, have higher blood pressures values than the Sprague-Dawley rat. For example, the normotensive Goto-Kakizaki rat model of diabetes exhibits only modest renal lesions, despite severe hyperglycemia. Superimposition of DOCA salt hypertension caused severe glomerular lesions in the same model. 40 It appears that hyperglycemia sensitizes the kidney to blood pressure injury. SHR/N-cp rats do not exhibit particularly severe hyperglycemia, but substantially elevated plasma cholesterol and particularly triglyceride concentrations. According to numerous experimental [41] [42] [43] and clinical observations, lipids, 44 particularly oxidised lipids, 45 cause glomerular injury. Finally, following the proposals of Brenner et al, 46, 47 it is believed that a low number of glomeruli increases the risk of progression of renal disease. In this context it is of interest that the lean SHR/N-cp control, as well as the diabetic SHR/N-cp have a low number of glomeruli to begin with.
There is increasing evidence that obesity is a potent risk factor for progression. [48] [49] [50] Our obese SHR/N cp rats had high plasma leptin concentration. In contrast, plasma leptin concentration in STZ-induced diabetes animals was low. It is conceivable that leptin is a potential progression promoter 51 in the SHR/N-cp rat.
Conclusion
The STZ model is still the work horse for animal experiments of diabetic nephropathy. The model is not satisfactory for morphological studies, since it exhibits only modest glomerulosclerosis and only minor tubulointerstitial damage and albuminuria. The diabetic SHR/N-cp model of type II diabetes presents much more striking glomerular and tubulointerstitial lesions combined with more pronounced albuminuria. It is therefore a promising model for research on the pathogenesis of diabetic nephropathy. 
